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Introduction

This study presents a classification (and management) of aquatic, wetland, and riparian series and plant
associations occurring within the Colville, Okanogan and Wenatchee National Forests (Figure 2). Aquatic, wetland
and riparian ecosystems are only a small portion of the eastern Washington landscape. They are, however,
disproportionately important as habitats for plants and as sources of food, water, cover and nesting habitat for
animals (Kovalchik 1987, Hansen et al. 1995, Crowe and Clausnitzer 1997). Vegetation production is generally
higher in these ecosystems than in nearby uplands, and their cooler, moister microclimate provides a contrasting
habitat. These areas are also valued for human uses, including recreation, livestock grazing, supplying water for
irrigation and mining operations and crop production, and as transportation corridors. The structure and
composition of riparian and wetland systems influence the rate, amount and timing for water, nutrients, organic
debris and inorganic materials that enter lakes, ponds, streams and rivers. The energy of floodwaters and their
ultimate amount, timing, and erosive power is influenced by the soils, vegetation, and geomorphology of soil
surfaces (fluvial surfaces) within valley bottoms. The effects of decades of intensive use of riparian areas and other
wetlands have caused substantial degradation of their ecological structure, composition and function throughout
most of the United States. Rehabilitation and restoration is currently a high priority for the U.S. Forest Service and
other agencies charged with managing public land. In order to improve conditions, an understanding of wetland and
riparian ecosystems is necessary. Classification of aquatic/riparian/wetland series and plant associations provides
a means of stratifying these ecosystems into recognizable and repeatable units that integrate potential natural
vegetation, soil characteristics, fluvial geomorphology, hydrology, and climate. This classification is integral to
ecosystem management by providing a common framework for communicating about wetland ecosystems among
various disciplines, and for planning management activities and analysis of their effects.

“Wetlands are areas that lie between terrestrial (upland) and aquatic systems and generally considered to be
inundated or saturated by surface or groundwater at a frequency and duration sufficient, under normal
circumstances, to support a prevalence of vegetation typically adapted for life in saturated soil conditions” (Federal
Interagency Committee for Wetland Delineation 1989). The U.S. Fish and Wildlife Service (USFWS) wetlands
classification (Cowardin et al. 1979) uses the term wetland vegetation to describe “vegetation within or adjacent to,
and hydrological influenced by, streams, rivers, lakes, meadows, and seeps.” The term “riparian vegetation” is used
specifically for vegetation located within the valley of, and hydrological influenced by, a stream or river. “Aquatic
vegetation” grows in deeper, permanently standing water in lakes and ponds (or in the sluggish backwaters of
streams and rivers).

These riparian and wetland zones form a narrow interface between aquatic and terrestrial ecosystems. In the
mountainous regions of the Pacific Northwest (Youngblood et al. 1985b, Kovalchik 1987), these water-oriented
ecosystems are well defined by the presence of free, unbound water and are next to much drier upslope
ecosystems. They occur on a variety of sites, such as floodplains, bogs, marshes, lakeshores, springs, and basins.
Jurisdictional wetlands must (under current regulations) have three components: wetland hydrology, hydric soils,
and hydrophytic vegetation. The Natural Resources Conservation Service has devised the list of soil types that
qualify as hydric soils (USDA Soil Conservation Service 1987); the definitions of wetland hydrology are found in the
Corps of Engineers Wetland Delineation Manual (Federal Interagency Committee for Wetland Delineation 1987);
and the US Fish and Wildlife Service has prepared the list of hydrophytes and their degree of wetland affinity
(USDA Fish and Wildlife Service 1996). Included are plant associations occurring on fluvial surfaces in valley
bottoms that may not be classified as jurisdictional wetlands but that do function as “xeric” or “transitional” riparian
or wetland areas (Kovalchik 1987, Crowe and Clausnitzer 1997). These fluvial surfaces are usually drier terraces
and the adjacent toeslope. They may also include the transition to uplands that occurs at the margins of true
wetlands.

Thus, typical riparian and wetland sites (as used in this report) are composed of three distinct ecosystems (Figure
1)(Kovalchik 1987):

» Aquatic -- the permanently flooded portion of the riparian or wetland zone and includes streams, rivers,
ponds or lakes.

» Riparian and wetland -- the land next to water where plants that are dependent on a perpetual source of
water live.

e Transitional (sometimes referred to as “xero-riparian”) -- subirrigated sites lying between
riparian/wetland sites and upland. This ecosystem does not have true hydrophytic vegetation such as
sedges and willows, yet is uniquely different from uplands.



Figure 1. Riparian and wetland ecosystems form a narrow interface between aquatic and upland
ecosystems.
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The consistent occurrence of similar series and plant associations in these ecosystems can be used to stratify the
landscape (Daubenmire 1976, Pfister et al. 1977). Though not all questions about a piece of land can be answered
by a series/plant association classification (Hemstrom and Franklin 1982); vegetation, soil, water and physical
characteristics can usefully indicate plant responses to management, productivity potential, and future species
composition. Such a classification allows us to:

« Plan management strategies -- evaluate resource condition, productivity, and responses to management.

« Communicate -- provide a common description of riparian conditions for various disciplines, record
successes or failures of management actions, and repeat the successes.

« Apply research -- provide a direct link between research results and practical land management.

Recent classifications of series and plant associations integrate potential natural vegetation, soil characteristics,
fluvial geomorphology, hydrology, and climate (Kovalchik 1987, Hansen et al. 1995, Diaz and Mellen 1996, Crowe
and Clausnitzer 1997). This classification follows their lead as it classifies aquatic, wetland, and riparian series and

plant associations (with some community types) occurring on the Colville, Okanogan and Wenatchee National
Forests.

Scope

The area covered by this classification includes all riparian and wetland sites within the Colville, Okanogan
(including a large piece of land on the west side of the Cascades between Washington Pass and the North
Cascades National Park), and Wenatchee National Forests (Figure 2). It covers aquatic, riparian, wetland, and
transitional series and plant associations that: 1) occur repeatedly in eastern Washington; 2) are large enough to be
mapped for project-level wildland management; and 3) have distinct management differences.

This classification supplements and expands information presented in upland forest plant association classifications
in eastern Washington (Lillybridge et al. 1995, Williams et al. 1995). It focuses on riparian and wetland ecosystems
but aquatic ecosystems are included in the classification. Intermittent streams, dry draws, and other land features

that may at times transport water but may not support riparian or wetland vegetation are poorly represented in the 9



classification, though they may support vegetation described by one of the series or plant associations. Seeps and
springs support wetland or riparian vegetation, but were not sampled very often. Small portions of the National
Forests, such as parts of the east half of the Tonasket District of the Okanogan National Forest and the Table
Mountain area of the Wenatchee National Forest, may have riparian zones in deteriorated condition. They are
weakly represented in the database because of the lack of riparian and wetland ecosystems in late seral to climax
ecological status.

Figure 2.
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Objectives
This study has been prepared to meet the following objectives of Region 6 Ecology Program:

» Provide a useful classification of water-defined ecosystems as a step toward completion of the USDA
Forest Service, Region 6, regional classification program.

» Describe the general geographic, topographic, edaphic, functional and floristic features of aquatic, riparian,
and wetland ecosystems.

» Describe successional trends and predict vegetative potential on disturbed aquatic, riparian and wetland
ecosystems.

» Present information on resource values and management opportunities.

10



Methods
Field Methods

Aquatic, riparian and wetland ecosystems in north central and northeastern Washington were first sampled in 1990-
1992 and incorporated into a draft classification for the Colville National Forest and Tonasket Ranger District of the
Okanogan NF (Kovalchik 1992c). About 700 sample plots comprised the database for developing that draft, with
sites selected to represent the best available environmental conditions. Field sampling continued on the Okanogan
and Wenatchee National Forests from 1993 to 1995, providing an additional 950 plots for the final riparian/wetland
classification for eastern Washington.

Stands in climax ecological status (good ecological condition) were sampled wherever available. In areas of
consistently high levels of disturbance, climax stands were difficult to find and late seral stands in fair ecological
condition were sampled. Exceptions were a few plots located in naturalized community types such as the Kentucky
Bluegrass Community Type or obviously seral communities such as some dominated by lodgepole pine, quaking
aspen, black cottonwood, red alder, bigleaf maple or paper birch. The final classification thus provides a foundation
of series and plant associations in fair to good ecological condition (late seral to climax ecological status) against
which stands in all stages of condition can be compared to determine their potential.

A reconnaissance of drainages was made prior to plot selection. Samples sites representing best conditions were
then chosen in distinct reaches (as defined by valley gradient, valley width and elevation) of riparian/wetland zones.
A stream reach might include several progressively drier, distinct series and plant associations on the succession of
fluvial surfaces occurring between the aquatic and upland ecosystems. Sketches delineating the stream, fluvial
surfaces, and each plant association across the valley reach were drawn. Each plant association across became a
plot and a cross-section of the valley defined the location of a cluster of plots. Plot size was usually 1/10th of an
acre except for small sites (e.g., alluvial bars, floodplains, streambanks) that were less than 1/10 acre, where the
entire site became the plot. In either case, the plot had to represent the stand and not include ecotones.

A complete inventory of vascular plants and ocular estimates of canopy cover was done on each plot. Generally,
this was to the nearest percent up to 10 percent canopy cover and to the nearest 5 percent thereafter. Plants not
field identified to species were collected for later identification in the office. Although usually field identified, all
willows (Salix spp.) and most sedges (Carex spp. and their relatives) were collected for further study of these
difficult genera.

Soil pits were described using standard pedon descriptions (USDA Soil Conservation Service 1975). Thickness,
moist color, texture, coarse fragments, rooting depth, and root abundance were recorded by horizon. Other soils
data included water table levels, soil moisture, rooting depth, total soil depth, and parent material. A 3-inch soil
auger proved most effective for digging pits in fine-textured mineral or organic soils, but auger penetration was
often limited in cobbly soils. The hole was augered only to the depth of an impenetrable layer (such as cobbles).

Other data collected on each plot included elevation, aspect, slope, landform, microtopography and ecological
status. The percentage of cover of bare ground, gravel, rock, bedrock and moss was estimated for the soil surface.
Wildlife habitat was briefly described. Tree heights, tree ages (at 4 %2 feet), basal area of live tree species, and snhag
data were measured on forested plots. Log information was collected on all plots. Stream channels were described
using Rosgen’s stream classification (Rosgen 1994 and 1996). Valley width, shape and gradient were recorded for
each plot.

Taxonomic Considerations

Wetland plant identification is considered difficult by many of the potential users of this report. Thus, considerable
collections were made of willows, sedges, other difficult genera, and unknown plant species. Joy Mastroguiseppe at
the Washington State University Herbarium verified sedges and sedge-like graminoids during the first two years of
the study. Similarly, Steven Brunsfeld at the University of Idaho verified willow collections in early years of the

study. The author verified later collections of sedges and willows. Willow taxonomy follows Brunsfeld and Johnson
(1985) and Hitchcock and Cronquist (1973). Monocot taxonomy and other flora generally follow Hitchcock and
Cronquist et al. (1973).
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About 25 willow species and varieties have been identified on eastern Washington National Forests. The author is
very familiar with willow taxonomy but identification of willows was difficult for summer field crews. Many willows
bloom before or simultaneously with mature vegetation development and the characteristics of female and male
aments are used for identification. Later in the summer, aments are often lacking so that growth form, leaves and
twigs become important identifying criteria. Some species may hybridize, while a few species are very similar to
one another. This has created considerable confusion in nomenclature. A willow comparisons table is included in
Appendix F.

Sedges, sedge-like plants, and wet-site grasses were also difficult species for summer crews. The taxonomy for
sedges in Hitchcock and Cronquist (1973) required some clarification. Their keys to sedges are based on
characteristics that are at times variable and overlapping. A comparisons table for sedges is provided in Appendix
E.

Aquatic plants presented a problem because of their slow development relative to riparian and wetland species. A
site with the potential to support aquatics may not have aquatic growth in June, may have some vegetative
development but no flower development in July, while flowering material may not be available until late August.
Some of the most common aquatics, such as pondweed (Potamogeton), bur-reed (Sparganium) and bladderwort
(Utricularia), were grouped into genera because of the difficulty identifying them to species without flowering parts.

The separation between individuals clearly recognizable as Oregon hollygrape and those clearly identifiable as
creeping hollygrape was problematic. Most plants appeared to fit Berberis aquifolium, although there is
considerable variation from plant to plant. Cascade hollygrape (Berberis nervosa) was recorded as such.

Big huckleberry (Vaccinium membranaceum) and globe huckleberry (V. globulare) are morphologically similar
species that occur in the study area and are easily confused (Steele et al. 1981). Globe huckleberry is more
common in the Rocky Mountains and big huckleberry in the Cascade Mountains. Most of the material seems to
better fit big huckleberry so all plants of this group are arbitrarily referred to as big huckleberry.

Low huckleberry (V. myrtillus) appears at times to intergrade with both big (V. membranaceum) and grouse
huckleberry (V. scoparium). However, the difference in indicator value of the species is most significant when low
and/or grouse huckleberry are the only or the greatly predominant species.. Species identification is normally
readily apparent under these conditions.

Pfister et al. (1977) indicated that most spruces in northern Montana are hybrids of Engelmann (Picea engelmannii)
and white spruce (Picea glauca). White spruce is prominent closer to the Montana-Canadian border, especially in
geologic areas with limestone parent material, or at low elevations near the border. The same pattern seems true in
eastern Washington, especially in strong continental climate near the Canadian border, but cone scales were not
collected to prove or disprove hybridization. Most of the spruce found on the ecology plots readily keyed to
Engelmann spruce so the data uses that name for all spruces.

Paper birch and water birch often hybridize and it is unclear what to call these hybrid forms. Paper birch has striking
white bark and is a moderately large tree. Water birch is usually more shrub-like, with many stems and brownish-
reddish bark. Hybrids are small trees with pinkish bark that were lumped with paper birch because of their tree-like
stature.

Mountain alder can grow to more than 40 feet tall in the study area, which is much taller than described in the
literature (Hitchcock and Cronquist 1973). Some persons have called these specimens red alder because of their
unusual height, but felling of the alder to look at cones and leaves indicates they best fir mountain alder. This
problem seemed to be especially prominent on the Colville National Forest, but mountain and red alder also
intermix on the Wenatchee and Okanogan National Forests. In the Colville NF data all material was called
mountain alder. In Cascades data, red and mountain alder were named separately, even though hybridization may
account for the large size of some mountain alder.

Office Methods

As with many scientific procedures, arriving at a vegetation classification involved repetitive back and forth
interaction between data gathered in the field (the “real” world) and the more abstract, analytical activities in the
office. Procedures followed in developing the riparian classification included:
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Computer work was important from the beginning of the study. Field data were entered and edited in a PARADOX
(eventually ACCESS) database for analyzing field data and helped develop the classification. Association tables
were made to group stands with similar floristic characteristics. Region 6 ecology programs (adapted for personal
computers by Brad Smith in 1991) such as TWINSPAN, DECORANA, and SIMILARITY (Hill 1979a and 1979b)
provided more objective techniques for analyzing field data and developing the classification. For synthesis of the
many tables and figures in the classification, data queries were in MS ACCESS and transferred to MS EXCELL,
assembled in workbooks by series, and and further massaged and collated to various data subsets by series and
plant association. The data subsets are displayed as tables, charts and maps in this classification.

Data collected in 1990 through 1992 was used to write a preliminary draft of the riparian and wetland plant
associations found on the Okanogan’s Tonasket RD and the Colville NF (Kovalchik 1992c).

Later data was used to write a draft manuscript for wetland and riparian series in all three National Forests in 1999,
which was made available on the Colville NF intranet site. This rough draft lacked serious editing and was missing
considerable management information.

Plant Association keys and constancy/cover tables, production information, and additional management information
were added in 2000 and 2001. The final riparian and wetland series classification for eastern Washington National
Forests was published in 2001. This report focuses on the series, but includes keys and constancy/cover tables for
the plant associations. A second publication will describe plant association groups (PAGs) and plant associations. It
is not known if the National Forests of eastern Washington will finish the plant association publication.

Classification Concepts and Terminology
Series, Plant Association, and Community Type Concepts

The series, plant association and community type are the basic units of the classification. The series refers to all
the plant associations and community types dominated by the same species at climax or in good ecological
condition (for example, the Willow Series). Pfister et al. (1977) defined a plant community (community) as an
assembly of plants living together, reflecting no particular ecological status. The community type is an aggregation
of all plant communities distinguished by floristic and structural similarities in both overstory and undergrowth
(Youngblood et al. 1985a). Pfister et al. (1977) defined the plant association as a climax community type. This
classification (and Crowe and Clausnitzer 1997) uses riparian and wetland plant association as an assemblage of
native vegetation in equilibrium with the environment on specific fluvial surfaces (the vegetative potential on the
fluvial surface). This potential may change in time as soil and water characteristics of the fluvial surface change
through erosion or, more typically, flooding and silt deposition. The Classification and Management of Montana’s
Riparian and Wetland Sites (Hansen et al. 1995) follows this lead and defines a riparian or wetland plant
association as a vegetation type representing the latest (most stable) successional stage attainable on a specific
hydrologically influenced surface.

This study concentrated on sampling riparian associations in climax and late seral ecological status (fair or better
ecological condition) and avoided disturbed sites. The aquatic/riparian/wetland series and associations are often
restricted to very specific fluvial surfaces within a valley segment. Together, plant associations and fluvial surfaces
provide a meaningful way of integrating the various environmental factors such as water regime and soils that affect
vegetation. They represent a relatively narrow portion of the environmental variation found in riparian landforms and
reflect certain potential for vegetation and fluvial surface development. Therefore, riparian association and
community types provide an ecological basis for management oriented guidelines related to ecological status,
wildlife, fisheries, productivity, silviculture, succession, range management, hydrology and mapping. The following
four criteria must be met before a particular assemblage of plants can be classified as a riparian series or plant
association (Hall 1973): 1) The series or plant association (or community type) differs from other associations in
opportunities and limitations to land management; 2) the series or plant association can be recognized on the
ground in any stage of disturbance; 3) the series or plant association has limited variation in species composition;
and 4) the series or plant association has limited variability in productivity.
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Nomenclature

The series is named by its tallest, most dominant lifeform (for example, the Mountain Alder Series). The plant
associations are hamed on the basis of a combination of the dominant life form plus the characteristic or dominant
plant species in the various plant layers (trees/shrubs/herbs)(for example, the ALIN-SYAL and PIEN/CASCP2
Associations). A slash (/) is used to separate the various lifeforms in a community name and a dash (-) separates
members of the same lifeform. The association may have only one species in its name, as in the case of meadows,
two where shrubs are superimposed over the herbaceous layer, or three where there are tree, shrub and herb
layers.

Shade tolerance is also a consideration in nomenclature (Williams and Lillybridge 1983). Thus, the name will be
suggestive of plants most capable of growing on a site in more mature stands. For example, willows may be
present in small amounts in the Mountain Alder-Douglas Spiraea Association (ALIN-SPDO) but mountain alder is
used to name the association because it will dominate the willows as the plant composition and structure proceeds
towards maturity. In the Engelmann Spruce/Saw-leaved Sedge Association (PIEN/CASCP2) the shrub undergrowth
may contain both willows and saw-leaved sedge, but the sedge is used to name the association because it is more
tolerant of conifer shade and is more dominant under mature forest canopies compared to willows. In the
Willow/Saw-leaved Sedge Association (SALIX/CASCP2), however, trees are uncommon and willows are used to
name the plant association. The dominant or most characteristic graminoid or herb is used to name the herbaceous
layer. For instance, queencup beadlily is the most consistent species in a group of mesic forbs in the undergrowth
of the relatively dry Western Redcedar/Queencup Beadlily Association (THPL/CLUN) and saw-leaved sedge forms
a sward below trees in the wet Engelmann Spruce/Saw-leaved Sedge Association (PIEN/CASCP2) and the wet
Willow/Saw-leaved Sedge (SALIX/CASCP2) Association. On the other hand, MEADOW Series plant communities
dominated by saw-leaved sedge alone are called the Saw-leaved Sedge (CASCP2) Association.

Appendix A contains a list of all plant species codes, scientific names, and common names used in the text.
Common names and Region 6 species codes are used in the constancy/cover tables. Series, plant associations,
and community types are referred in the text and tables by capital letter codes (for example, the PIEN Series and
PIEN/CASCP2 Plant Association). These codes are used instead of longhand species hames to save space in
some tables. The code is derived from the first two letters of each scientific name for a species. For example, the
code for Geyer willow (Salix geyeriana ) is SAGE. The scientific code is better adapted to computer use and helps
distinguish between series and plant associations in the text. All codes follow Garrison et al. (1976). The national
plant species list codes (USDA Soil Conservation Service 1982) are included in Appendix A. Scientific names
largely follow Hitchcock and Cronquist (1973) except for a few exceptions. Common names follow Garrison et al.
(1976) or Hitchcock and Cronquist (1973). Again, a complete list of all species discussed in this classification is
given in Appendix A. Entries list the US Forest Service Region 6 alpha code; newer national PLANTS database
alpha code, scientific name, common name, the plant’s indicator status, and each plants hydrologic status.

The Physical Environment
Climate

The Cascade Range is a significant barrier to the movement of maritime and continental air masses. The study
area has a climate with both maritime and continental climate because air masses from the continent and the
Pacific Ocean cross this region. North-south trending mountain ranges and narrow valleys also create variation in
climate. The central portion of the study area is under the influence of an intense rain shadow formed by the north
Cascades. This effect is pronounced on the eastern half of the Wenatchee NF and occurs in areas just a few miles
east of the Cascade Crest on the Okanogan NF. This rainshadow effect continues eastward through the Tonasket
and Republic RDs. The far northeastern portion of the region has a moist inland maritime climate caused by
westerly airflow being lifted over the 5,000- to 7,000-foot peaks of the Selkirk Mountains. Through most of the year,
maritime air from the Pacific exerts a moderating influence on temperatures while drier air from the interior can
bring more extreme temperatures and drought.

Precipitation is greater in winter and spring. Most low-elevation valleys receive 10 to 25 inches of precipitation a
year (Figure 3). The towns of Wenatchee, Okanogan, Republic and Colville receive about 9, 13, 20, and 18 inches
of yearly precipitation, respectively. Precipitation increases in the mountains to 25 or more inches on the higher
ridges of the Kettle Range, 50 inches or more in the Selkirk Mountains, to over 80 inches along the Cascade
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Crests. During the warmest summer months, afternoon temperatures in the valleys range from the mid to upper
80’s while minimums range from the 40’s to the mid 50’s (Phillips and Durkee 1972). During an average winter
afternoon temperatures are near freezing with minimums from 10 to 20 degrees Farenheit. In average years,
summer temperatures exceed 100 degrees for one to five days and winter temperatures below O degrees Farenheit
occur for 5 to 12 nights. Conditions are more severe in the mountains.

Okanogan

Figure 3.

Eastern Washington
National Forests
Precipitation Zones

| 5-12inches [ 40-70inches
E 12 - 16 inches - 70 - 100 inches
| 16-24inches I 100+ inches
|| 24-40inches

Climatic gradients between riparian and upland sites are sharp (Youngblood et al. 1985a). Cold air draining
downhill into broad flats, basins, and valley bottoms can create severe summer frost problems in riparian and
wetland zones. Summer droughts common in the uplands are largely moderated by moist to wet soils in riparian
and wetland zones. Sites next to larger bodies of water, especially lakes, may have air temperatures moderated by
the standing water.

Soils

Soils in riparian and wetland ecosystems are usually much more complicated than those on adjacent uplands
(Youngblood et al. 1985a). Soil texture, chemistry and temperature, amount and kind of organic matter, and
especially water tables, have a large effect on plant species composition. Seasonally or permanently high water
tables are necessary for a soil to support riparian and wetland vegetation. High water may be brief, with mid to
late-summer drought, as in the case of the Timber Oatgrass Association (DAIN), or nearly season-long as in the
Bladder Sedge Association (CAUT). Fine-textured soils have stronger capillary action and remain wetter longer
than coarse soils. Organic matters also helps the to soil draw water up from the water table and then retain it. Peat
bogs are especially good “sponges,” whose surfaces are often saturated even when the water table lies below the
soil surface. Mineral soils that are saturated for long periods of time function in an anaerobic state and become gley
colored, as evidenced by iron oxide spotting and a neutral gray to bluish-gray color.
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Water levels also have a marked influence on accumulation of organic matter. Organic soil material is produced on
site in most riparian and wetland ecosystems, although water does move some organic material from site to site.
Accumulation and decomposition proceed rapidly near the soil surface and whether organic matter accumulates
depends on the hydrology of the site. Under anaerobic conditions, less decomposition occurs and thick layers of
organic material organic accumulate with time. This process is accelerated if low soil and water fertility, low soil and
water temperatures, and minimally fluctuating water tables accompany anaerobic conditions, such as in bogs. The
reverse is true where water tables fluctuate and soils function aerobically.

Taxonomy of riparian soils is in its infancy, and soils were not identified beyond suborder. Even at this level, the
taxonomy was of questionable value. For instance, a bog community with a peat surface horizon 4-14 inches thick
and with the bulk of the root mass in this layer would not be considered an organic soil because soils taxonomy
requires at least 16 inches of organic matter to key to a Histisol. Therefore, descriptions in the text use general soil
texture within the rooting zone, instead of standard soil taxonomy terminology. Thus:

Organic loam refers to very fine-textured, black soils judged to contain more than 12 percent organic matter. They
are generally Sapric Histisols. Saturated organic loam soils may be called “ooze or muck.”

e Sedge or moss peat soils are either Fibric or Hemic Histisols.
» Sedimentary peat refers to Limnic Histisols on the bottom or margins of lakes and ponds.
» 0Ooze or muck refers to black semi-liquid soils and are equivalent to Sapric Histisols.

e Skeletal soils are medium to coarse textured mineral soils that occur on floodplains and streambanks, and
are generally Entisols.

* Most fine-textured mineral soils on grass-dominated or the drier end of MEADOW Associations such as
the Timber Oatgrass Association (DAIN) are Mollisols containing 2-12 percent organic matter in the
surface horizons.

e Other mineral soils with no Mollic Epipedon occur mostly in transitional riparian associations (usually on
terraces or toeslopes) such as Subalpine Fir/Bunchberry Dogwood (ABLA2/COCA) and are Inceptisols.
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Geomorphology and Aquatic/Riparian/Wetland Classification

Geomorphology is best defined as the study of landforms (Thornbury 1969, Ritter 1978) and these concepts are
used throughout the field and office stages in developing this classification. Geologic structure, modification
process, and stage (time) of modification are the controlling factors in the evolution of landforms.

e Structure refers to rock orientations is space (i.e. joints, faults, bedding, and the variation of hardness or
permeability of rocks). In other words, the pattern in which the earth’s crust differs from location to location.

 Modification processes are the many chemical, biological and physical ways by which the earth’s surface
undergoes changes.

» Stage is where in time these processes have progressed in modifying landforms.

These factors are neither static nor uniformly directional. In most of eastern Washington the wearing process from
weathering has been periodically interrupted by extension of massive ice sheets during the ice ages (Pleistocene
Epoch). The last advance of the Cordilleran ice sheet covered much of the study area, until some 12,000 years
ago. Although most of the Wenatchee National Forest escaped the continental ice advance, areas at higher
elevation were influenced by extensive alpine glaciation.

The geomorphology aspects of this study are based on concepts from the classic text by Thornbury (1969). The
formation of watersheds and both upland and riparian landforms is mostly determined by five interdependent
factors: geology, climate, valley gradient, soils, and vegetation (Thornbury 1969, Lotspeich 1980). Using these
factors, riparian classifications can be physically organized into four hierarchical levels (Kovalchik 1987, Kovalchik
and Chitwood 1990)(Figure 4).

e The broadest levels are the Sections and Subsections used in the National Land Mapping System
(Maxwell et al. 1995). Sections and Subsections are recognized based on broad uniformity in vegetation,
geology, climate, and stage of modification in the evolution of landforms.

 The second level is the watershed. Watersheds were not included in the riparian classification for central
Oregon (Kovalchik 1987) but are proposed for this work. Lotspeich (1980) proposed the watershed as the
conceptual framework for a natural geomorphic classification system. The effects modification processes,
such as weathering or erosion on geology results in the development of characteristic watersheds. These,
in turn, ultimately determine the structure and function of associated riparian and wetland zones.
Considering Sections and watersheds allows a shift from a classification that focuses on the riparian and
wetland zone only (i.e., the series and plant associations), to the zone’s relationship to the larger
geomorphic picture. Because of the interaction between uplands and lowlands, management activities in
upland zones may change management potentials in riparian and wetland zones. Although watersheds
may be relatively uniform within a Section or Sub-section, differences exist in stream order, aspect,
elevation, geology, soils, sediment supply, water regimes, timing and frequency of floods, and vegetation.
Understanding these factors is critical for land management planning in riparian and wetland zones.

» Thethird level is the valley segment. These relatively smaller land units and are equivalent to the
landtypes defined in the National Land Classification System (Maxwell et al. 1995). They are segments of
riparian and wetland zones characterized by distinctive relation to the upland, surface expression, internal
structure, and vegetation. Valley segments reflect local uniformity in elevation, valley gradient and width,
fluvial processes, water regime, and soils. Streams may occur in steep, narrow, V-shaped valleys in their
headwaters (bedrock channels of Montgomery and Buffington, 1993). The variation proceeds, downstream,
to flat bottomed, wide, depositional valleys at lower elevations. Wide, flat valleys may also occur in high
elevation, glacial troughs or behind hard points such as rock outcrops or log debris jams in otherwise steep
stream reaches.

» Theforth, basic level is the various fluvial surfaces occurring within each valley segment, and the
riparian and wetland plant associations that grow on them. Fluvial surface examples include alluvial
bars, point bars, floodplains, streambanks, terraces, overflow channels, fens, carrs and bogs. Fluvial

17



surfaces are similar to landtype phases and represent response to patterns of stream erosion, overflow
and deposition. They also represent environmental variations found in a valley segment and reflect a
specific potential for vegetation development. Riparian and wetland plant associations respond
characteristically to differences in soil structure, soil texture, and water tables in fluvial surfaces. Together,
fluvial surfaces and riparian plant associations provide a meaningful way of integrating various
environmental factors, such as water regime and soils, which affect vegetation potentials in riparian
landforms.

This hierarchy and associated valley cross-sections sketches are used in this phase of the study, except to help
verbally describe the various series. They will be used extensively in the second phase study, which will have
cross-section sketches as well as keys that will use subsections, watersheds, valley segments and fluvial surfaces
to help identify major riparian/wetland series and plant associations in areas with degraded riparian/wetland sites.

Stream action is a major factor in landscape formation. Valley deepening is often associated with relatively early
stages of landscape formation and is a result of hydrologic, corrosive, abrasive, and weathering processes on the
valley floor (Thornbury 1969). Valley widening is the result of meander development, lateral erosion, mass wasting,
surface erosion, and the lengthening of lateral tributaries. Valley lengthening is accomplished by headwall erosion,
stream capture, and the formation of fans and deltas. All these are tied to the effects of water and result in the
formation of water-related landforms in the vicinity of streams and other bodies of water. These landforms
constitute the riparian fluvial surfaces of the riparian and wetland zone.

For the transportation of a stream’s sediment load, changes in structure or process require a change in gradient
and channel characteristics. The gradient or steepness of a valley is often related to the width of the valley floor.
Narrow valleys, especially those in headwater or first-order drainages, often have V-shaped profiles, moderate to
steep gradients and narrow riparian zones. Streams in these valleys have high energy, relatively straight channels,
and support coarse bed and sediment loads. They build streambanks and terraces with moderate- to coarse-
textured, well-aerated soils. At lower elevations, third to fifth order drainages predominate; valley gradients are low
and most valleys are wide, streams meander, and lateral erosion is usual. Stream down cutting is imperceptible or
nonexistent. These streams carry fine-textured sediment loads and form floodplains with finer-textured soils. They
have numerous overflow and cutoff channels. Steep and shallowly graded sections are often present on the same
stream. Charts in each series present data about land form and fluvial surfaces.

Four interdependent factors mostly determine the mosaic of riparian associations and fluvial surfaces in any one
valley segment in eastern Washington:

» Climate -- Climate is mostly determined by the geographic setting. Annual precipitation, hydrologic regime
and temperature range determine factors such as soil formation rates, disturbance regime, and species
composition. Climate varies with elevation and aspect such that similar climates can occur at different
elevations or aspects in different areas.

» Geology -- Geology largely determines drainage pattern and the kind of soil deposited on fluvial surfaces.

» Valley gradient -- Steep valley gradients (over 4 percent) tend to form narrow, down cutting valley cross-
sections. Intermediate gradients (1 to 3 percent) interact with biological factors, such as large wood and
beaver dams to form intimately varied habitats. Flat gradients (under 1 percent) form wide, depositional
floodplains.

» Riparian/wetland vegetation -- Vegetation filters and traps sediments and helps build and anchor fluvial
surfaces. In steeper segments the roots of large trees can both stabilize banks or alter the course of the
stream when they fall.

Stream action is a major factor in landscape formation. Valley deepening is often associated with relatively early
stages of landscape formation and is a result of hydrologic, corrosive, abrasive, and weathering processes on the
valley floor Thornbury 1969). Valley widening is the result of lateral erosion, slumping, soil creep, and other hill
slope processes (Horton 1945). Valley lengthening is the result of headwall erosion, meander development, and the
formation of fans and deltas. All these are indirectly tied to the effects of water and result in the formation of water-
related landforms in the vicinity of streams and other bodies of water that form the riparian and wetland zone.
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For the transportation of a stream’s sediment load, changes in structure or process require change in gradient and
channel characteristics (Leopold et al. 1964). The gradient or steepness of a valley is often related to the width of
the valley floor. Narrow valleys, especially those in headwater or first-order drainages, often have V-shaped
profiles, moderate to steep gradients and narrow riparian zones. Streams in these valleys have high energy,
relatively straight channels, and if they adjust to dissipate energy, they do so vertically, over steps or cascades.
Steep channels cut downward by deepening the pools, and move relatively coarse material along the bed and in
suspension. They build stream banks and terraces with moderate- to coarse-textured, well-aerated soils. At lower
elevations, third to fifth order streams predominate (Strahler 1952); valley gradients are low and most valleys are
wide. These streams oscillate horizontally, forming meanders, and lateral erosion is predominant. These streams
carry fine-grained sediment loads and form floodplains with finer-textured soils. They may have numerous overflow
and cutoff channels. Steep and shallowly graded sections are often present on the same stream.
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Figure 4. Valley geomorphology of the Trout Creek Watershed, Republic Ranger District, Colville National

Forest.
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Continent Physiography

The study area lies within the Okanogan Highlands, Northern Cascades, and Southern Washington Cascades
Provinces described by Franklin and Dryness (1973). In this study area, those Provinces coincide with the Eastern
Cascades M242 and Okanogan Highlands M333 Sections, which were delineated by Maxwell et al. (1995).
Because the geologic and climatic diversity within a Province is so great, there is more difference with respect to
riparian habitats within the large units than there is between Provinces or Sections. To be definitive for riparian
classification, we have chosen the hierarchical sub-Sections of Maxwell et al. (1995) to sub-divide the Province for
series descriptions here, and for plant association identification in the second phase.

Eastern Washington
National Forests
Bedrock Geology

| Foliated Crystaline
| Massive Crystaline
H Pyroclastic-Fifes Peak

| Meta-Sediment Kootenay Arc

| Marine Meta-Sediment

Tertiary Continental Sediment

| Tertiary Volcanic | — | Basalt Interbedded
Meta-Sediment Significant Inclusions

Meta-Sediment Old-Belt

Geologic Basis of the Sections

The geology and geologic history of the study area is among the most complex of any on the North American
continent (Figure 5). In brief summary: Beginning with a sedimentary cover on an ancient, granite crust, the
continent was rifted approximately 700 million years ago. The line of that rift lies, at depth, under the Okanogan
Dome sub-Section, a few kilometers east of the Okanogan River. From the time of rifting, until 55 million years
before present, a mix of locally derived and far traveled rock packages were added to the western edge of that
foundation. During that interval, as the lithosphere below the old continent cooled and sank, collision with the pacific
plate pushed the added crust up and over (Alt and Hyndman 1984). The surface boundary between the old cover
and the added crust is, now, along a line from the northeast corner of Washington to near the mouth of the
Spokane River. Building of the present mountain topography then began faulting, volcanism and the intrusion of
large igneous rock masses. The mountain building progressed from east to west, and continues just beyond the
western edge of the study area (Burchfiel et al. 1992). The mountain building exhumed large domes of gneiss in the

22



eastern part of the study area. West of the Okanogan River, volcanic rocks were added to mountains that already
consisted of meta-morphic rock ridges and northwest trending basins full of sediment.

The most recent event to revise the topography was glaciation. The ice advanced and retreated in at least two,
possibly four pulses, during the last 800,000 years. The Cordilleran Continental Ice Sheet formed a continuous
cover over most of the study area that is east of the Sinlahekin River. Alpine glaciers occupied most of the major
valleys in the western part of the area (Richmond et al. 1965). The continental glacier stripped almost all of the soil
and weathered material from the area that it covered, and left a discontinuous cover of less weathered material. As
volcanic activity continued, to the west, fine-grained tephra fell over the whole area. The addition of the volcanic
ash speeded and altered soil development on the glaciated area.

The bedrock of the study area nearly the full range of possible chemistries types and textures. The varieties that
are present in significant abundance and concentration can be grouped into eight functional complexes (Davis
1999):

e Granular Crystalline Rocks -- are primarily granite rocks that are mostly high in silica, potash, and soda,
and tend to weather to uniformly sand size particles. Examples are the Cathedral Batholith, in the Pasayten
Wilderness, and Starvation Lake Quartz Monzonite, east of Colville (Stoffel et al. 1991).

e Structured Crystalline Rocks -- have undergone intense, repeated metamorphism; and weather to very
mixed size debris that is often dominated by large, blocky fragments. They are of intermediate composition
with more lime and alumina than the other crystalline complex. Examples are Coryell intrusive rocks, near
Northport, and the Tonasket Gneiss, east of Tonasket.

» Fractal Meta-sedimentary Rocks -- that are thinly layered, occur in very steeply dipping, folded
structures. With abundant silica and micas, they weather to soils that are rich in small, irregular fragments
in a matrix of sand, silt and clay. Ground water collects in deep and extensive aquifers in these rocks.
Examples are the Entiat Schist, southwest of Lake Chelan, and the Belt Super-group, flanking the Pend
Oreille River.

» Euxinic Meta-sedimentary Rocks -- are very fine grained and rich in carbon and sulfur they are often
finely layered or sheared, but have many, massive lenses and layers. The carbon occurs as elemental
carbon, hydrocarbons and carbonate. Sulfur is present as sulfide and sulfate. The infiltration and storage of
ground water is very irregular and many of the springs yield sulfurous, corrosive or acid water. They
underlie mostly sounded and gentle topography, but where the structures are steep or the rock is massive
there are anomalous cliffs. Examples are the Ledbetter Slate, near Metaline Falls, and the Anarchist
Group, west of Oroville.

* Younger Sedimentary Rocks -- are frequently massive rocks derived from the debris of island arcs and
volcanic, ocean platforms. These are less altered by metamorphism and weather more readily than other
meta-sedimentary complexes. Highly variable slopes gradually shed sandy debris into the riparian zones.
Since their chemistry is rich in calcium and alumina, while poor in silica, they yield neutral and alkaline
soils. Examples are the Virginian Ridge Formation, between Twisp and Winthrop, and the Swauk
Formation, at Blewett Pass (Walsh et al. 1987).

» Cenozoic Continental Rocks -- combine volcanic flow rocks and sedimentary rocks derived from volcanic
debris. The exposures of these rocks are mixed, by faulting and erosion, with outcrops of the conduit and
magma chamber rocks, which fed the volcanoes. Massive layers alternate with less resistant layers, all at
moderate dip angles. The result is valleys that stair step at amplitude of tens of meters to a few kilometers.
Examples are the Columbia River Basalt Group, around the forks of the Naches River, and the Republic
Volcanic Series, along the Sanpoil-Curlew valley.

« Ultra-mafic Rocks -- are present in scattered areas and in a large area at the head of the North Fork,
Teanaway River. They are fragments of the lower crust that originated at ocean floor spreading centers.
They have exotic chemistries, which include chromium and other heavy metals. The resulting iron rich and
nutrient poor soils are related to narrowly endemic upland floras.
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» Glacial Drift -- is distributed throughout the study area, but is most abundant in the north-central and
eastern parts. Although, the drift is unconsolidated; it frequently functions as bedrock. Many areas have
naturally compacted (densic) sub-soils. Present stream and slope processes act differently on the drift than
on the alluvium. The difference is greatest where the drift is compact or includes large boulders. The floor
of the Yakima River Valley, west of Ellensburg, is composed of alpine drift; and moraines left by continental
ice impound the Little Pend Oreille Lakes.

The Classification

Relating riparian plant associations to physiographic areas, watershed, valley segments, and fluvial surfaces
enables the prediction of potential natural vegetation on degraded sites. Again, geomorphic concepts are used to
help describe the series in this classification but valley cross-section sketches and geomorphic-based keys for
degraded sites will be available in the follow-up plant association classification.

Aquatic/Riparian/Wetland Sample Plots

Thirty-two series and 163 aquatic, wetland and riparian plant associations or community types are recognized in
this classification. Nineteen of the series have two or more plant associations and are described in detail. Thirteen
series have only one plant association or community type, are considered minor series, and are discussed briefly.
One hundred plant associations are represented by five or more plots (major associations). An additional 63 plant
associations and community types are represented by less than five plots (minor associations). The large number
of associations and community types are the result of the remarkable climatic, geologic, and floristic diversity in
eastern Washington. The major associations and community types are listed in Table 2.

Classification Order
» A \Vegetative Key that provides an orderly process for determining the series.

e Series Descriptions, which give information for the distribution, vegetation characteristics, physical
setting, and management for each Series.

» Keys and Constancy/Mean Cover Tables for plant associations are provided at the end of each series.
Plant association groups (PAGs) and plant association descriptions will be published in a follow-up PNW-
GTR publication.

e The Literature Citations (References) provide the sources of information used in the classification.

« The Appendices (including Glossary) give support information for the classification.

Series Description Criteria

Each series description begins with a figure showing a map of sample plot locations, which is followed by a
summary of the distribution of the dominant species and the series. This material is followed by:

Classification Database -- defines the series, provides the number of plots in the series, and lists the major and
minor plant associations within the series.

Vegetation Characteristics -- provides a brief description of the dominant or characteristic vegetation found on the
sample plots of each Series. Constancy and cover tables comparing plant species in each series are found in
Appendix A. Constancy and cover tables comparing plant species for plant associations are found at the end of
each series description.

Physical Setting -- provides a brief description of the prevailing environment associated with each series and its
plant associations:
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Elevation describes the general climatic environment associated with the series. Tables display elevation
by National Forest and plant association.

Valley Geomorphology describes the character of the valleys where series plots occur. Tables display the
distribution of valley width and valley gradient classes by both series and plant associations. Parameters
for measured classes are:

Valley Width: Very Broad > 990 feet (>300 meters)
Broad 330-990 feet  (100-300 meters)
Moderate 100-330 feet  (30-100 meters)
Narrow 33-100 feet (10-30 meters)
Very Narrow < 33 feet (< 10 meters)
Valley Gradient: Very low <1%
Low 1-3%
Moderate 4-5 %
Steep 6-8 %

Very Steep >8%

Rosgen Channel Types (Classes) describes the character of stream channels that occur within valley
landforms associated with series (Rosgen 1994 and 1996). The Rosgen Stream Classification system
provides all disciplines with a standard method for describing and communicating about stream
morphology, how streams fit the landscape, and how management actions affect them. Streams adjacent
to sample transects were classified according to Rosgen to establish correlations between valley
segments, Rosgen channel types, fluvial surfaces, and plant communities. Briefly, streams generally fit one
of the following common classes (Figure 6):

A Channels = steep, highly entrenched, step pool systems with high sediment transport potential.

B Channels = gentle to moderately steep terrain, moderate gradient streams that are moderately
entrenched, have low sinuosity, and are riffle dominated.

C Channels = low gradient, moderately high sinuosity, pool/riffle bedform with well-developed
floodplains.

D Channels = braided with moderate channel slope.
E Channels = very low gradient, highly sinuous, with low width to depth ratios.
F Channels = highly entrenched, high width to depth ratio streams.

Wetland sites without streams do not fit Rosgen'’s classification but need some category to describe the
water regime associated with their plant associations and valley configuration. They are:

Lake or pond = wetlands adjacent to lakes or ponds.

Ephemeral or intermittent = riparian zones within draws or valleys without perennial stream flow
(abbreviate as Eph and Int in the tables).

Seep or spring = wetlands associated with seep or springs.
Shrub wetland = wetlands dominated by shrub plant associations
Forest wetlands = wetlands dominated by coniferous or deciduous tree plant associations.
A chart shows the distribution of Rosgen channel classes for each series. A table relates these classes to

the plant associations. These channel types (and non-stream types) will be shown in valley segment cross-
section sketches in the follow-up PNW-GTR.
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Figure 6. Longitudinal, cross-sectional and plan views of major Rosgen Channel Types (Rosgen 1996).
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» Fluvial Surfaces describes the character of the various land surfaces the series occurs on such as point
bars, alluvial bars, floodplains, streambanks, terraces, overflow channels and wetlands. Definitions are
found in the glossary. A small chart shows the distribution of fluvial surfaces for each series. Another small
table shows the distribution of fluvial surfaces for the plant associations.

» Soils describe the general texture of surface soils, depth of water tables, soil surface flooding, and soil
temperature (degrees Farenheit). A chart shows the distribution of soil texture classes for each series.
Another small table shows the distribution of plant associations by texture class. Other small tables relate
plant associations to water table, surface flooding and soil temperature where data is available.

Ecosystem Management -- provides detailed descriptions for the management of each series. Descriptions of the
various categories that may be in a series discussion include (much of the management information came from the
Fire Effects Information System by Fisher et al. 1996; Hansen et al. 1995; Kovalchik 1987, 1991, 1992a, 1992c;
Kovalchik and Elmore 1991; Kovalchik and Chitwood 1990; and Crowe and Clausnitzer 1997):

* Natural Regeneration describes the natural regeneration processes associated with the plant that names
the series.

» Artificial Establishment describes means for artificially establishing vegetation on disturbed sites.
e Stand Management helps managers develop management plans the series.

* Growth and Yield (labeled “Tree Growth and Yield” in the conifer and deciduous tree series) provides
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productivity information for the series (if available). A table shows the site index (height in feet by base
years) and basal area (sq. ft. per acre) for the trees dominating the series. References for the site index

equations used in determining site index are shown in Table 1.

Table 1. Reference sources for determining site index.

SCIENTIFIC NAME

SITE INDEX SOURCE

Abies amabalis
Abies grandis

Abies lasiocarpa
Abies procera

Acer macrophyllum
Alnus rubra

Betula papyrifera
Chamaecyparis nootkatensis
Larix lyallii

Larix occidentalis
Pinus albicaulis
Pinus contorta
Picea engelmannii
Pinus monticola
Pinus ponderosa
Populus tremuloides
Poplus tricocarpa
Pseudotsuga menziesii
Thuja plicata

Tsuga heterophylla
Tsuga mertensiana

 Down Wood and Snags provides information on numbers, species, biomass, height and condition class
for snags and logs. A table shows log attributes (tons per acre, cu. ft. per acre, linear ft. per acre sq. ft per

Hoyer and Herman in progress (base 100)

Cochran 1979 (base 50)

Clendenen 1977 (based on Alexander 1967)(base 50)
Herman et al. 1978 (base 100)

Worthington et al. 1960 (base 50)

Worthington et al. 1960 (base 50)

Edminster et al. 1985) (base 80)

Barnes 1962 (base 100)

Schmidt et al. 1976 (base 50)

Schmidt et al. 1976 (base 50)

Alexander et al. 1967 (base 100)

Alexander et al. 1967 (base 100)

Clendenen 1977 (based on Alexander 1967)(base 50)
Brickell 1970 (based on Haig's 1932 1932 curve)(base 50)
Meyer 1961 (base 100)

Edminster et al. 1985) (base 80)

Edminster et al. 1985) (base 80)

Monserud 1985 (base 50)

Hegyi et al. 1981 (base 100)

Wiley 1978 (breast height age < 150 years only)(base 50)
Hegyi et al. 1981 (base 100)

acre, and % ground cover) for each series. Another shows the snag attributes (snags per acre by condition
class by diameter class in inches) for each series.

Log Decomposition Classes are:

1 = Bark intact, twigs present, texture intact, shape round, color original, elevated, retains original
shape.

2 = Bark intact, twigs absent, partly soft, shape round, color original, slightly sagging.

3 = Bark largely gone, a few hard pieces, shape round, color faded, sagging.

4 = Bark gone, soft blocky pieces, round to oval, light brown to yellowish, all of log on the ground.
5 = Soft to powdery, flattened, light yellow to gray, all log on ground.

Snag Condition Classes are:
1 =recent dead
2 = fine branches gone, bark intact
3 = bark loose, large branch stubs
4 = solid buckskin snag,
5 = broken and rotten

» Fire describes the sensitivity of important series indicator plants to fire. When possible, evidence for and
discussion of stand age and fire regime is included.

» Animals describes the use of the series by various classes and incudes:

Browsing -- describes the palatability of the series indicator species to various classes of browsers
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and some of their potential impacts on the species.

Livestock-- describes palatability of important plants and describes season of use and influences

on sites by domestic livestock.

Wildlife -- describes the use of the association by various classes of wildlife.

Fish -- describe the utility of the association for streambank stabilization and fish habitat and cover.

» Recreation helps recreation managers to develop recreation management plans.

* Insects and Disease describes some of the common insect and disease pests of the Series indicator
plant.

« Estimating Vegetation Potential on Disturbed Sites gives the user hints on how to recognize the
vegetative potential for stands in poor ecological status.

* Sensitive Species provides a description of sensitive plants or animals found.

Adjacent Series -- describes other series found on adjacent portions of the riparian/wetland zone as well as
uplands.

Relations to Other Classifications -- lists other classifications in adjacent states that describe the same series.

USDI FISH AND WILDLIFE SERVICE WETLANDS CLASSIFICATION defines very broad categories of
wetlands that often contain several dissimilar plant associations or community types. The plant
associations and community types complete Cowardin’s classification (Cowardin et al. 1979) at the
Dominance level. Transitional or xero-riparian plant associations may not fit into any “type” in Cowardin’s
classification.
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Vegetative Key to the Major Lifeform Groups and Series
(Plant association keys are found at the end of each series description)

Instructions to Using the Key

1. Use this key for riparian and wetland plant associations and community types located on or near lands
of the Wenatchee, Okanogan or Colville National Forests.

2. Determine the boundaries of the various riparian stands that exist within the riparian or wetland zone
being investigated (as many as eight distinct riparian plant associations have been sampled along a single
valley cross-section and up to 25 plant associations within a single wetland basin.).

3. Locate an approximately 1/10-acre plot (37 feet radius in size is suggested) in a uniform and
representative portion of each stand. Small or irregularly shaped stands may need smaller or irregularly
shaped plots. Stay near the center of the stand and avoid ecotones or crossing stand boundaries.

4. Identify and record canopy coverage’s or cover classes for all key indicator species as well as the
environmental information located on the field form provided in Appendix H.

5. While on the plot, key to the appropriate lifeform group. In general, a species or group of species will
appear to dominate a community if the cover is 25 percent or more.

6. Within the lifeform group, key to the appropriate aquatic, riparian or wetland plant association or
community type. All conditions stipulated in the key must be satisfied in order to make a correct determination.
Complete the selection by comparing the community composition and site characteristics with written
descriptions and the appendices. In addition, when classifying a site, be aware of and account for microsites.
Microsites are small areas that are atypical for the stand or site as a whole. Examples include small
depressions such as windthrow holes, raised hummocks within bogs, etc.

7. The key and written descriptions are based largely on samples of relatively undisturbed stands in late
seral to climax ecological status. On disturbed sites evaluate each stand against the written descriptions for
the associations. Use the landform and fluvial surface key to riparian associations for disturbed sites. In
addition, extrapolation from the nearest non-disturbed condition occurring on a comparable site will assist in the
correct determination of the type.

8. Depauperate undergrowth. In stands where the undergrowth is obviously reduced in cover from heavy
grazing, shade, litter and competition from conifers or shrubs, adjust keys downward to reflect the scant
herbaceous cover. For instance, a few SALIX/CAUT ecology plots had only 1 or 2% canopy cover for sedges
because of dense willow shade and competition. In addition, extrapolation from the nearest non-depauperate
condition occurring on a comparable site will assist in the correct determination of the type.

Caution! The potential of a site may change if there is a long-term change in the soil and/or water characteristics of
the site.

Warning! The key is not the classification! Validate your determination by comparing the site characteristics with
the written description of the type. Be aware that the environmental conditions described in the text are from both
sampled sites and personal observations and may not include all the sites on the landscape in which the type is
found.

Series level constancy/cover tables are found in Appendix G. They are a useful aid in determining if you have
keyed to the right series.

Users should note that the keys are tools and are not the classification. Series and plant association
descriptions portray modal riparian and wetland stands in late seral and climax ecological status. Thus, highly
disturbed stands will not key very well and the user will have to refer to the series write-ups (and in part two: the
plant associations write-ups and valley cross-section sketches) and to his or her personal experience and intuition.
In any dynamic ecosystem (aquatic, riparian and wetland included) variation can be expected in any series and
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plant association. The user is cautioned to validate the “keyed” determination by reading the written description and
supporting tables and appendices before leaving the stand or plot.

Vegetative Key to the Major Vegetation Lifeforms

1.

Potential vegetation dominated by conifers with at least 25% canopy cover. Conifers reproducing successfully

AND NOT restricted to microsites; deciduous trees subordinate.......... Key to

Coniferous Forest Series (p. )

Potential vegetation dominated by deciduous tree species with at least 25% canopy cover. Deciduous tree
species reproducing successfully; coniferous tree species subordinate or restricted to microsites..................
............................................................................................... Key to Deciduous Forest Series (p. )

Potential vegetation dominated by shrubs with at least 25% canopy cover .....

........ Key to Shrub Series (p. )

Potential vegetation dominated by herbaceous plants with at least 25% canopy COVEr ............cccvvvveveienennnns.

Key to Herbaceous Series (p. )
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Key to the Coniferous Forest Series
(Coniferous trees present AND reproducing successfully AND NOT restricted to microsites)

1.

10.

11.

Mountain hemlock (Tsuga mertensiana) present with >10% cover and reproducing...........c.cooeeeeviiiieeennnn.
.......................................................................... Mountain Hemlock (Tsuga mertensiana) Series (p.

Pacific Silver fir (Abies amabilis) present with >10% cover and reproducing .............oooiieiiiiiiiiee s e e
................................................................................... Pacific Silver Fir (Abies amabilis) Series (p.

Western hemlock (Tsuga heterophylla) present with >10% cover and reproducCing............cccvvveieeinniinineaans
........................................................................... Western Hemlock (Tsuga heterophylla) Series (p.

Western redcedar (Thuja plicata) present with >10% cover and reproducCing...........cccovviviiriieveiineciienieeensn
..................................................................................... Western redcedar (Thuja plicata) Series (p.

Subalpine fir (Abies lasiocarpa) present with >10% cover and reproduCing............oc.eieeeiie i iiiiie e aaenne.
..................................................................................... Subalpine Fir (Abies lasiocarpa) Series (p.

Engelmann spruce (Picea engelmannii) present with >10% cover and reproducCing............ccoveeviiiveeunennnanns
.......................................................................... Engelmann Spruce (Picea engelmannii) Series (p.

Alaska yellow-cedar (Chamaecyparis nootkatensis) present with >10% cover and reproducing.....................

Alaska Yellow-cedar (Chamaecyparis nootkatensis) Communities: Go Back to 1 and key another series

Grand fir (Abies grandis) present with >10% cover and reprodUCING..........oe it it eeeeas
.............................................................................................. Grand Fir (Abies grandis) Series (p.
Douglas-fir (Pseudotsuga menziesii) present with >10% cover and reproduCing...........ccovieeeieiiiieiiiaeenanns
................................................................................................... Miscellaneous Conifer Series (p.

Lodgepole pine (Pinus contorta) dominates the stand, other conifers not reproducing, the successional

sequence to Climax IS UNKNOWN..........vtiuiiie e iee e e e ve e eaneens Miscellaneous Conifer Series (p.

)

)
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Key to the Deciduous Forest Series

1.

Quaking aspen (Populus tremuloides) the dominant deciduous tree and reproducing.............cc.ocovvivenvecenenn.
............................................................................. Quaking Aspen (Populus tremuloides) Series (p. )
Black cottonwood (Populus trichocarpa) the dominant deciduous tree and reproducing............c...cccoeeiiienann.e.
........................................................................ Black Cottonwood (Populus trichocarpa) Series (p. )
Oregon white oak (Quercus garryana) present with >10% cover and reproducing..........cccooeeiieeieiiiineeeninennnns
....................................................................................... Miscellaneous Deciduous Tree Series (p. )
Red alder (Alnus rubra) the dominant deciduous tree and reproduCing..........ccvviieeiiiiiiiii e e e,
...................................................................................... Miscellaneous Deciduous Tree Series (p. )
Bigleaf maple (Acer macrophyllum) the dominant deciduous tree and reproducing............cccovuvieveiiiiiieineennnn.
...................................................................................... Miscellaneous Deciduous Tree Series (p. )
Paper birch (Betula papyrifera) the dominant deciduous tree and reproducCing.............coveeiieiii i,
...................................................................................... Miscellaneous Deciduous Tree Series (p. )

Shrubs and small trees such as mountain alder, Saskatoon serviceberry, Douglas hawthorn, Douglas Rocky
Mountain maple and some willows may be more than 18 feet tall and may be considered trees

DU . Go to Shrub Series Key (below)
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Key to the Shrub Series

10.

11.

12.

13.

Cascade huckleberry (Vaccinium deliciosum), moss-heathers (Cassiope spp.), mountain heaths (Phyllodoce

spp.) and/or partridgefoot Luetkea pectinata > 25%0 COVEI ... ... .o e e e e e een
....................................................... Heath (Cassiope, Phyllodoce, Vaccinium deliciosum) Series (p.

Vine maple (Acer circinatum) > 25% COVer..........cooeeiviiiinieinniennn. Vine Maple (Acer circinatum) Series (p.
Sitka alder (Alnus sinuata)> 25% COVEI........c.cccvveeiiieeieienneeaanennn Sitka Alder (Alnus sinuata) Series (p.
Mountain alder (Alnus incana) > 25% COVEer............ccovvvvieeeneannns Mountain Alder (Alnus incana) Series (p.

Devil's club (Oplopanax horridum) > 5% COVer........ccocuviiiiiiiiiiiiii e Miscellaneous Shrub Series (p.

Salmonberry, stink currant, or Hudsonbay currant (Rubus spectabilis, Ribes bracteosum, or Ribes

hudsonianum) > 25%0 COVEL.......ouiuiee e e e e e e e e e aeaae s Miscellaneous Shrub Series (p.

Cascade azalea (Rhododendron albiflorum) or rusty menziesia (Menziesia ferruginea) > 25% cover..............

.................................................................................................... Miscellaneous Shrub Series (p.

Douglas Rocky Mountain maple, common chokecherry , or saskatoon serviceberry (Acer glabrum douglasii,
Prunus virginiana, or Amelanchier alnifolia) > 25% cover......................... Miscellaneous Shrub Series (p.

Douglas spiraea and/or pyramid spiraea (Spiraea douglasii or Spiraea pyramidata) > 25% cover..................
............................................................................... Douglas spiraea (Spiraea douglasii) Series (p.

Common snowberry (Symphoricarpos albus) > 25% cover..............c......... Miscellaneous Shrub Series (p.

Shrubby cinquefoil (Potentilla fruticosa) > 25% COVEr............ccovvevveviieinnnnns Miscellaneous Shrub Series (p.
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Key to the Herbaceous Series

1. Agquatic sites on the edges of lakes or ponds or in sluggish streams, usually with standing water for all or much
of the growing season, potential vegetation dominated by species such as Indian water-lily (Nuphar
polysepalum), cow-lily (N. variegatum), pondweed (Potamogeton species), bur-reed (Sparganium species),
softstem bulrush (Scirpus validus), hardstem bulrush (S. acutus), northern mannagrass (Glyceria borealis)
western mannagrass (G. occidentalis), water horsetail (Equisetum fluviatile), and/or creeping spike-rush
(Eleocharis palustris) with a combined canopy cover of at least 25% ..........c...coevviiiieennn. Aquatic Series (p. )

2. Potential vegetation dominated by sedge (Carex) species and/or other wetland sedge-like species or
graminoids with a combined canopy cover of at [east 25%............ccooveviiiiiiieiiiiiinennnn. Meadow Series (p. )

3. Sedge species with a combined canopy cover of less than 25%, forbs the dominant vegetation.................
............................................................................................................................ Forb Series (p. )
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Table 2. List of aquatic, riparian and wetland plant associations on the National Forests of eastern

Washington.

Coniferous Forest Dominated Plant Associations

Mountain Hemlock Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
TSME/MEFE-VAAL Tsuga mertensiana/Menziesia ferruginea- Mountain Hemlock/Rusty Menziesia- CMS256 5
Vaccinium alaskaense Alaska Huckleberry
TSME/PHEM-VADE Tsuga mertensiana/Phyllodoce empetriformis- Mountain Hemlock/Red Mountain-heath- CMS354 5
Vaccinium deliciosum Cascade Huckleberry
TSME/RHAL-VAME Tsuga mertensiana/Rhododendron albiflorum- Mountain Hemlock/Cascade Azalea- CMS356 11
Vaccinium membranaceum Big Huckleberry
Minor Associations Scientific Name Common Name Ecoclass Code Plots
TSME/OPHO-VAAL Tsuga mertensiana/Oplopanax horridum- Mountain Hemlock/Devil's Club- CMS450 4
Vaccinium alaskaense Alaska Huckleberry
Silver Fir Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ABAM/ACTR-WEN Abies amabilis/Achlys triphylla - Pacific Silver Fir/Deerfoot Vanillaleaf- CFF254 6
Wenatchee Wenatchee
ABAM/ATFI Abies amabilis/Athyrium filix-femina Pacific Silver Fir/lLady-fern CFF621 7
ABAM/GYDR Abies amabilis/Gymnocarpium dryopteris Pacific Silver Fir/Oak-fern CFF622 9
ABAM/MEFE-WEN Abies amabilis/Menziesia ferruginea - Pacific Silver Fir/Rusty Menziesia- CFS542 8
Wenatchee Wenatchee
ABAM/OPHO Abies amabilis/Oplopanax horridum Pacific Silver Fir/Devil's Club CFS351 15
ABAM/TITRU Abies amabilis/Tiarella trifoliata unifoliata Pacific Silver Fir/Coolwort Foamflower CFF162 6
ABAM/VAME/CLUN-WEN |Abies amabilis/Vaccinium membranaceum- Pacific Silver Fir/Big Huckleberry- CFS233 5
Wenatchee Wenatchee
Minor Associations Scientific Name Common Name Ecoclass Code Plots
ABAM/ACCI Abies amabilis/Acer circinatum Pacific Silver Fir/Vine Maple CFS621 2
ABAM/RHAL-VAME-WEN |Abies amabilis/Rhododendron albiflorum/ Pacific Silver Fir/Cascade Azalea- CFS556 4
Vaccinium membranaceum -Wenatchee Big Huckleberry-Wenatchee
Western Hemlock Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
TSHE/ACCI Tsuga heterophylla/Acer circinatum Western Hemlock/Vine Maple CHS226 19
TSHE/ACTR-WEN Tsuga heterophylla/Achlys triphylla- Western Hemlock/Deerfoot Vanillaleaf- CHF223 14
Wenatchee Wenatchee
TSHE/ARNU3 Tsuga heterophylla/Aralia nudicaulis Western Hemlock/Wild Sarsaparilla CHF312 6
TSHE/ATFI Tsuga heterophylla/Athyrium filix-femina Western Hemlock/ Lady-fern CHF421 15
TSHE/CLUN Tsuga heterophylla/Clintonia uniflora Western Hemlock/Queencup Beadlily CHF311 6
TSHE/GYDR Tsuga heterophylla/Gymnocarpium dryopteris Western Hemlock/Oak-fern CHF422 24
TSHE/OPHO Tsuga heterophylla/Oplopanax horridum Western Hemlock/Devil's Club CHS513 29
Minor Associations Scientific Name Common Name Ecoclass Codes | Plots
TSHE/ASCA3 Tsuga heterophylla/Asarum caudatum Western Hemlock/Wild Ginger CHF313 2
TSHE/LYAM Tsuga heterophylla/Lysichitum americanum Western Hemlock/Skunk-cabbage CHM122 2
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Table 2. Continued

Western Redcedar Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
THPL/ACCI Thuja plicata/Acer circinatum Western Redcedar/Vine Maple CCs511 6
THPL/ARNU3 Thuja plicata/Aralia nudicaulis Western Redcedar/Wild Sarsaparilla CCF222 14
THPL/ATFI Thuja plicata/Athyrium filix-femina Western Redcedar/Lady-fern CCF121 13
THPL/GYDR Thuja plicata/Gymnocarpium dryopteris Western Redcedar/Oak-fern CCF224 13
THPL/OPHO Thuja plicata/Oplopanax horridum Western Redcedar/Devil's Club CCs211 17
THPL/PAMY/CLUN Thuja plicata/Pachistima myrsinites/ Western Redcedar/Myrtle Pachistima/ CCSs312 11
Clintonia uniflora Queencup Beadlily
Minor Associations Scientific Name Common Name Ecoclass Code Plots
THPL/ACTR Thuja plicata/Achlys triphylla Western Redcedar/Deerfoot Vanillaleaf CCF212 2
THPL/ALIN Thuja plicata/Alnus incana Western Redcedar/Mountain Alder CCs411 3
THPL/ASCA3 Thuja plicata/Asarum caudatum Western Redcedar/Wild Ginger CCF223 3
THPL/CLUN Thuja plicata/Clintonia uniflora Western Redcedar/Queencup Beadlily CCF221 2
THPL/EQUIS Thuja plicata/Equisetum arvense Western Redcedar/Common Horsetail CCM411 3
THPL/VAME Thuja plicata/Vaccinium membranacium Western Redcedar/Big Huckleberry CCS311 2
Subalpine Fir Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ABLA2/ATFI Abies lasiocarpa/Athyrium filix--femina Subalpine Fir/Lady-fern CEF332 10
ABLA2/COCA Abies lasiocarpa/Cornus canadensis Subalpine Fir/Bunchberry Dogwood CEF423 21
ABLA2/GYDR Abies lasiocarpa/Gymnocarpium dryopteris Subalpine Fir/Oak-fern CEF342 19
ABLA2/LEGL-VASC Abies lasiocarpa/Ledum glandulosum- Subalpine Fir/Labrador Tea- CES632 16
Vaccinium scoparium Grouse Huckleberry
ABLA2/PAMY Abies lasiocarpa/Pachistima myrsinites Subalpine Fir/Myrtle Pachistima CES113 7
ABLA2/RHAL/SETR Abies lasiocarpa/Rhododendron albiflorum/ Subalpine Fir/Cascade Azelea/ CES214 10
Seniceo triangularis Arrowleaf Groundsel
ABLA2/STAMC Abies lasiocarpa/Streptopus amplexifolius Subalpine Fir/Claspleaf Twisted-stalk CEF311 6
chalazatus
ABLA2/TRCA3 Abies lasiocarpa/Trautvetteria caroliniensis Subalpine Fir/False Bugbane CEF422 19
ABLA2/TRLA4 Abies lasiocarpa/Trollius laxus Subalpine Fir/Globeflower CEF425 12
Minor Associations Scientific Name Common Name Ecoclass Code Plots
ABLA2/ALSI Abies lasiocarpa/Alnus sinuata Subalpine Fir/Sitka Alder CES142 3
ABLA2/ARLA-POPU Abies lasiocarpa/Arnica latifolia- Subalpine Fir/Mountain Arnica- CEF424 3
Polemonium pulcherrimum Skunkleaf Polemonium
ABLA2/LIBOL Abies lasiocarpa/Linnaea borealis longiflora Subalpine Fir/Twinflower CEF211 4
ABLA2/OPHO Abies lasiocarpa/Oplopanax horridum Subalpine Fir/Devil's Club CES711 3
ABLA2/RHAL/LUHI Abies lasiocarpa/Rhododendron albiflorum/ Subalpine Fir/Cascade Azalea/ CES213 2
Luzula hitchcockii Smooth Woodrush
ABLA2/RULA Abies lasiocarpa/Rubus lasiococcus Subalpine Fir/Dwarf Bramble CES423 2
ABLA2/VAME Abies lasiocarpa/Vaccinium membranaceum Subalpine Fir/Big Huckleberry CES342 2
Engelmann Spruce Series
Major Associations Scientific Name Common Name Ecoclass Codes | Plots
PIEN/CASCP2 Picea engelmannii/Carex scopulorum Engelmann Spruce/Saw-leaved Sedge CEM131 31
prionophylla Engelmann Spruce/Saw-leaved Sedge
PIEN/COCA Picea engelmannii/Cornus canadensis Engelmann Spruce/Bunchberry Dogwood CEM321 18
PIEN/COST Picea engelmannii/Cornus stolonifera Engelmann Spruce/Red-osier Dogwood CES511 16
PIEN/EQUIS Picea engelmannii/Equisetum species Engelmann Spruce/Horsetail CEM211 19
PIEN/SYAL Picea engelmannii/Symphoricarpos albus Engelmann Spruce/Common Snowberry CES521 8
Minor Associations Scientific Name Common Name Ecoclass Codes | Plots
PIEN/ARNU3 Picea engelmannii/Aralia nudicaulis Engelmann Spruce/ Wild Sarsaparilla CEM214 4
PIEN/GYDR Picea engelmannii/Gymnocarpium Engelmann Spruce/Oak-fern CEM215 4
dryopteris
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Table 2. Continued

Grand Fir Series

Major Associations Scientific Name Common Name Ecoclass Code Plots
ABGR/ACCI-WEN Abies grandis/Acer circinatum- Grand Fir/Vine Maple- CWS551 9
Wenatchee Wenatchee
ABGR/ACTR-WEN Abies grandis/Achlys triphylla- Grand Fir/Deerfoot Vanillaleaf- CWF524 18
Wenatchee Wenatchee
ABGR/SYAL- Abies grandis/Symphoricarpos albus- Grand Fir/Common Snowberry- CwWS314 9
FLOODPLAIN Floodplain Floodplain
Miscellaneous Conifer Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
LALY/CAME-PHEM Larix layalli/Cassiope mertensiana/ Subalpine Larch/ Merten Moss-heather- CAC116 6
Phyllodoce empetriformis Red Mountain-heath
PSME/SYAL- Pseudotsuga menziesii/Symphoricarpos Douglas-firyfCommon Snowberry- CDS628 10
FLOODPLAIN albus -Floodplain Floodplain
Minor Associations Scientific Name Common Name Ecoclass Code Plots
PICO Pinus contorta Lodgepole Pine Community Type CLMO 3
Deciduous Forest-Dominated Plant Associations
Quaking Aspen Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
POTR/COST Populus tremuloides/Cornus stolonifera Quaking Aspen/Red-osier Dogwood HQS311 14
POTR/SYAL Populus tremuloides/Symphoricarpos albus Quaking Aspen/Common Snowberry HQS221 16
Minor Associations Scientific Name Common Name Ecoclass Code Plots
POTR/CALA3 Populus tremuloides/Carex lanuginosa Quaking Aspen/Woolly Sedge HQM211 3
Black Cottonwood Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
POTR2/ALIN Populus trichocarpa/Alnus incana Black Cottonwood/Mountain Alder HCS115 13
POTR2/ALIN-COST Populus trichocarpa/Alnus incana- Black Cottonwood/Mountain Alder- HCS113 7
Cornus stolonifera Red-osier Dogwood
POTR2/COST Populus trichocarpa/Cornus stolonifera Black Cottonwood/Red-osier Dogwood HCS114 17
POTR2/SYAL Populus trichocarpa/Symphoricarpos albus Black Cottonwood/Common Snowberry HCS311 7
Minor Associations Scientific Name Common Name Ecoclass Code Plots
POTR2/ALLUVIAL BAR Populus trichocarpa/ Alluvial Bar Black Cottonwood/Alluvial Bar HCGR 4
POTR2/OPHO Populus trichocarpa/Oplopanax horridum Black Cottonwood/Devil's Club HCS441 2
Miscellaneous Deciduous Series
Major Associations Scientific Name Common Name Ecoclass Codes | Plots
ALRU Alnus rubra Red Alder Community Type HAM1 13
BEPA Betula papyrifera Paper Birch Community Type HP 7
QUGA/COCO2-SYAL Quercus garryana/Corylus cornuta- Oregon White Oak/ California Hazel- HOS311 6
Symphoricarpos albus Common Snowberry
Minor Associations Scientific Name Common Name Ecoclass Codes | Plots
ACMA Acer macrophyllum Bigleaf Maple Community Type HBM1 4
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Shrub-Dominated Plant Associations

Willow Series

Major Associations Scientific Name Common Name Ecoclass Code Plots
SACO2/CASCB-CASP Salix commutata/Carex scopulorum bracteosa- Undergreen Willow/Holm Sedge- SW1211 5

Carex spectabilis Showy Sedge
SACO2/MESIC FORB Salix commutata/ Mesic Forb Undergreen Willow/Mesic Forb SwW1212 5
SAFA/CASCB-CASP Salix farriae/Carex scopulorum bracteosa- Farr Willow/Holm Sedge- SW1214 10

Carex spectabilis Showy Sedge
SAFA/CASCP2 Salix farriae/Carex scopulorum prionophylla Farr Willow/Saw-leaved Sedge SW1215 14
SAFA/CAUT Salix farriae/Carex utriculata Farr Willow/Bladder Sedge SW1216 10
SAFA/ELPA2-ERPO2 Salix farriae/Eleocharis pauciflora- Farr Willow/Few-flowered Spike-rush - SW1218 6

eriophorum polystachion Many-spiked Cotton-grass
SALIX/ALLUVIAL BAR Salix/ Alluvial Bar Willow/Alluvial Bar SWGR 16
SALIX/CACA Salix/Calamagrostis canadensis Willow/Bluejoint Reedgrass SW1141 8
SALIX/CASCP2 Salix/Carex scopulorum prionophylla Willow/Saw-leaved Sedge SW1143 14
SALIX/CAUT Salix/Carex utriculata Willow/Bladder Sedge SW1123 26
SALIX/MESIC FORB Salix/ Mesic Forb Willow/Mesic Forb SW1146 16
Minor Associations Scientific Name Common Name Ecoclass Code Plots
SAFA/CANI2 Salix farriae/Carex nigricans Farr Willow/Black Alpine Sedge SW1213 2
SAFA/DAIN Salix farriae/Danthonia intermedia Farr Willow/Timber Oatgrass SW1217 2
SALIX/CALA4 Salix/Carex lasiocarpa Willow/Slender Sedge SW1142 2
SALIX/EQUIS Salix/Equisetum species Willow/Horsetail Species Sw1144 3
SALIX/GLEL Salix/Glyceria elata Willow/Tall Managrass SW1145 4
SALIX-SPDO Salix-Spiraea douglasii Willow-Douglas Spiraea SW1147 3
SASC-PAMY Salix scouleriana-Pachistima myrsinites Scouler Willow-Myrtle Pachistima SM2111 6

HEATH Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
CAME-PHEM Cassiope mertensiana-Phyllodoce empetriformis Merten's Moss-heather - Red Mountain-heath SS1921 7
PHEM-VADE Phyllodoce empetriformis-Vaccinium deliciosum Red Mountain-heath - Cascade huckleberry SS1922 11
Vine Maple Series

Major Associations Scientific Name Common Name Ecoclass Code Plots
ACCI Acer circinatum Vine Maple SW70 6
ACCI-OPHO/ATFI Acer circinatum-Oplopanax horridum/ Vine Maple-Devil's Club/ SW7121 6

Athyrium filix-femina Lady-fern

Sitka Alder Series

Major Associations Scientific Name Common Name Ecoslass Code Plots
ALSI-COST Alnus sinuata-Cornus stolonifera Sitka Alder-Red-osier Dogwood SW2222 9
ALSI-OPHO Alnus sinuata-Oplopanax horridum Sitka Alder-Devil's Club SW2223 14
ALSI-RILA Alnus sinuata-Ribes lacustre Sitka Alder-Prickly Currant SW2224 17
ALSI-RUSP Alnus sinuata-Rubus spectabilis Sitka Alder-Salmonberry SW2225 8
ALSI/ALLUVIAL BAR Alnus sinuata/ Alluvial Bar Sitka Alder/Alluvial Bar SWGR12 7
ALSI/ATFI Alnus sinuata/Athyrium filix-femina Sitka Alder/Lady-fern SwW2111 18
ALSI/GYDR Alnus sinuata/Gymnocarpium dryopteris Sitka Alder/Oak-fern W2130 12
ALSI/MESIC FORB Alnus sinuata/ Mesic Forb Sitka Alder/Mesic Forb SW2113 13
ALSI/SETR Alnus sinuata/Senecio triangularis Sitka Alder/Arrowleaf Groundsel SW2133 23
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Mountain Alder Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ALIN-COST-SYAL Alnus incana-Cornus stolonifera- Mountain Alder-Red-osier Dogwood- SW2221 29
Symphoricarpos albus Common Snowberry
ALIN-SPDO Alnus incana-Spiraea douglasii Mountain Alder-Douglas Spiraea SW2212 8
ALIN-SYAL Alnus incana-Symphoricarpos albus Mountain Alder-Common Snowberry SW2211 16
ALIN/ALLUVIAL BAR Alnus incana/ Alluvial Bar Mountain Alder/Alluvial Bar SWGR11 6
ALIN/ATFI Alnus incana/Athyrium filix-femina Mountain Alder/Lady-fern SW2116 28
ALIN/CACA Alnus incana/Calamagrostis canadensis Mountain Alder/Bluejoint Reedgrass SW2121 5
ALIN/CAUT Alnus incana/Carex urticulata Mountain Alder/Bladder Sedge SW2115 12
ALIN/EQUIS Alnus incana/Equisetum arvense Mountain Alder/Horsetail species Sw2117 29
ALIN/GLEL Alnus incana/Glyceria elata Mountain Alder/Tall Mannagrass SW2215 17
ALIN/GYDR Alnus incana/Gymnocarpium dryopteris Mountain Alder/Oak-fern SW2126 7
ALIN/LYAM Alnus incana/Lysichitum americanum Mountain Alder/Skunk-cabbage SW2127 8
ALIN/MESIC FORB Alnus incana/ Mesic Forb Mountain Alder/Mesic Forb SW2128 18
Minor Associations Scientific Name Common Name Ecoclass Code Plots
ALIN/CASCP2 Alnus incana/Carex scopulorum prionophylla Mountain Alder/Saw-leaved Sedge SW2125 2
ALIN/PHAR Alnus incana/Phalaris arundinacea Mountain Alder/Reed Canarygrass SW2129 2
ALIN/SCMI Alnus incana/Scirpus microcarpus Mountain Alder/Small-fruited Bulrush SW2122 3
Redosier Dogwood Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
COST/ATFI Cornus stolonifera/Athyrium filix-femina Red-osier Dogwood/Lady-fern SW2321 11
COST/MESIC FORB Cornus stolonifera/ Mesic Forb Red-osier Dogwood/Mesic Forb SW2323 7
COST-SYAL Cornus stolonifera-Symphoricarpos albus Red-osier Dogwood-Common Snowberry SW2324 18
Minor Associations Scientific Name Common Name Ecoclass Code Plots
COST/EQUIS Cornus stolonifera/Equisetum species Red-osier Dogwood/Horsetail Species SW2322 4
Douglas Spiraea Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
SPDO Spiraea douglasii Douglas Spiraea SW4113 11
SPDO/CACA Spiraea douglasii/Calamagrostis canadensis Douglas Spiraea/Bluejoint Reedgrass SW4115 8
Minor Associations Scientific Name Common Name Ecoclass Code Plots
CRDO-SPDO Crataegus douglasii-Spiraea douglasii Black Hawthorn-Douglas Spiraea SW3112 3
Miscellaneous Shrub Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ACGL Acer glabrum douglasii Douglas Rocky Mountain Maple SW72 7
OPHO Oplopanax horridum Devil's Club SW7113 13
RUSP-RIHU Rubus spectabilis-Ribes hudsonianum Salmonberry-Hudsonbay Currant SW5131 9
Minor Associations Scientific Name Common Name Ecoclass Code Plots
POFR Potentilla fruticosa Shrubby Cinquefoil SW50 2
RHAL Rhododendron albiflorum Cascade Azalea SwW42 2
SYAL Symphoricarpos albus Common Snowberry SM31 2
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Herb-Dominated Plant Associations

AQUATIC Plant Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ELPA Eleocharis pauciflora Creeping Spike-rush MW4912 8
EQFL Equisetum fluviatile Water Horsetail WL0111 11
GLBO Glyceria borealis Northern Mannagrass WL0112 5
NUPO Nuphar polysepalum Indian Water-lily WL0101 9
SPARG Sparganium spp. Bur-reed species WL0113 10
TYLA Typha latifolia Common Cattail MT8121 9
Minor Associations Scientific Name Common Name Ecoclass Code Plots
POTAM Potamogeton spp. Pondweed species WL0103 4
SCVA Scirpus validus Softstem Bulrush MT1931 3
MEADOW Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
CAAQ Carex aquatilis Water Sedge MM2914 11
CACA Calamagrostis canadensis Bluejoint Reedgrass GM4111 12
CALA4 Carex lasiocarpa Slender Sedge MM2920 11
CANI2 Carex nigricans Black Alpine Sedge MS2111 30
CASCB Carex scopulorum bracteosa Holm Sedge MS3111 17
CASCP2 Carex scopulorum prionophylla Saw-leaved Sedge MS3114 18
CASP Carex spectabilis Showy Sedge MS3115 11
CAUT Carex utriculata Bladder Sedge MM2917 55
CAVE Carex vesicaria Inflated Sedge MW 1923 10
DAIN Danthonia intermedia Timber Oatgrass MD1111 5
ELPA2 Eleocharis pauciflora Few-flowered Spike-rush MW4911 13
ERPO2 Eriophorum polystachion Many-spiked Cotton-grass MW1114 19
SCMI Scirpus microcarpus Small-fruited Bulrush MM2924 6
Minor Associations Scientific Name Common Name Ecoclass Code Plots
CAAP3 Carex aperta Columbia Sedge MW1111 2
CACU2-WA Carex cusickii Cusick Sedge MW1112 4
CAIL Carex illota Sheep Sedge MS3112 3
CALE5 Carex lenticularis Lenticular Sedge MW2919 3
CALI Carex limosa Mud Sedge MW1113 4
CARO2 Carex rostrata Beaked Sedge MW 1924 3
CASA2 Carex saxatilis Russet Sedge MS3113 4
DECE Deschampsia cespitosa Tufted Hairgrass MM1912 4
FEOVR Festuca ovina rydbergii Sheep Fescue MD43 2
GLEL Glyceria elata Tall Mannagrass MM2925 4
POPR Poa pratensis Kentucky Bluegrass MD3111 5
FORB Series
Major Associations Scientific Name Common Name Ecoclass Code Plots
ATFI-GYDR Athyrium filix-femina - Gymnocarpium dryopteris Lady-fern - Oak-fern Fw4241 12
SAPU Saxifraga punctata Dotted Saxifrage Fw4242 6
TRLA4-CABI Trollius laxus-Caltha biflora Globeflower - Twinflower Marshmarigold FW4243 6
Minor Associations Scientific Name Common Name Ecoclass Code Plots
LULA Lupinus latifolius Broadleaf Lupine FS6011 2
MILE Mimulus lewisii Lewis Monkey-flower FS3011 3
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MOUNTAIN HEMLOCK SERIES
Tsuga mertensiana

Figure 7. Plot locations for the Mountain Hemlock

Series.

The primary range of mountain hemlock extends from northern British Columbia and southern Alaska through the
Cascade and Olympic Mountains to northern California (Arno and Hammerly 1977, Hitchcock and Cronquist 1973).
It also extends inland to southeast British Columbia, north Idaho, and northwest Montana. Mountain hemlock is
abundant along the Cascade Crest in eastern Washington (Lillybridge et al. 1995). Mountain hemlock stands are
quite extensive in the Rocky Mountains of northern Idaho and Montana but are limited to very snowy areas with a
maritime climate (Pfister et al. 1977). A few outlying stands occur in the Blue Mountains of northeastern Oregon.
Stands of mountain hemlock are usually associated with uplands but are also prominent in riparian zones, primarily
on streambanks and terraces, and occasionally on the margin of wetlands.

Mountain hemlock is one of the most shade tolerant and environmentally restricted conifers in eastern Washington
(Lillybridge et al. 1995). It is the major upper subalpine and timberline conifer along the Cascade Mountain Crest.

Its presence indicates cold, snowy habitats where deep snow accumulations are normal. Average annual
precipitation often exceeds 50 inches. At its highest elevations, mountain hemlock quickly grades into subalpine
parklands variously dominated by open woodlands, tree islands, or krumholtz of mountain hemlock, subalpine fir,
(occasionally) subalpine larch or whitebark pine (Lillybridge et al. 1995). Therefore, the TSME Series is found only in
areas of strong maritime influence, usually in climatic zones within 15 miles of the Cascade Crest. This maritime
influence is particularly strong on the western portions of on the Wenatchee NF. The TSME Series is also prominent
on the west side of the Okanogan NF, generally west of a line formed by Washington Pass, Harts Pass and
Reynolds Peak. Most of this land lies west of the Cascade Crest on lands once administered by the Mount Baker
NF but now administered by the Okanogan NF. The TSME Series is absent on the Colville NF.

Mountain hemlock and Pacific silver fir broadly overlap in their ecological distribution so that distinguishing between
the TSME and ABAM Series can be difficult (Lillybridge et al. 1995). Where Pacific silver fir is present in the TSHE
Series, it will likely never be totally excluded and is essentially a co-dominant, even in climax and near-climax
stands. Only in colder, harsher wetter sites is Pacific silver fir absent. Predicting canopy cover that exceeds 10
percent in older stands is the convention in this guide for placing stands within the TSME Series.

Classification Database

The TSME Series includes all closed forest stands potentially dominated by mountain hemlock at climax, and
occurs on all but the Tonasket RD on the Wenatchee and Okanogan NFs. Twenty-one riparian and wetland plots
were sampled in the TSME Series (Figure 7). Information from an additional four plots from other ecology samples
was added to help facilitate developing the classification and to augment species composition, distribution and
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elevation data for the series. From this database, three major and one minor plant associations are recognized. Five
other potential 1-plot plant associations (TSME/ATFI, TSME/LEGL/ERPO2, TSME/MEFE-VAME, TSME/RULA, and
TSME/VAME) are not used in the data for the TSME Series nor described in this classification. Some of these
associations are found in the classification by Lillybridge et al. (1995). For the most part these samples were located
in late seral to climax mountain hemlock stands.

Mountain Hemlock Plant Associations

Major Associations Scientific Name Common Name Ecoclass Code | Plots

TSME/MEFE-VAAL |Tsuga mertensiana/Menziesia ferruginea- Mountain Hemlock/Rusty Menziesia- CMS256 5
Vaccinium alaskaense Alaska Huckleberry

TSME/PHEM-VADE |Tsuga mertensiana/Phyllodoce empetriformis- Mountain Hemlock/Red Mountain-heath- CMS354 5
Vaccinium deliciosum Cascade Huckleberry

TSME/RHAL-VAME |Tsuga mertensiana/Rhododendron albiflorum- Mountain Hemlock/Cascade Azalea- CMS356 11
Vaccinium membranaceum Big Huckleberry

Minor Associations Scientific Name Common Name Ecoclass Code | Plots

TSME/OPHO-VAAL |Tsuga mertensiana/Oplopanax horridum- Mountain Hemlock/Devil's Club- CMS450 4
Vaccinium alaskaense Alaska Huckleberry

Vegetation Characteristics

The TSME Series exhibits high species diversity due partially to its inherent site variability but, perhaps even more
important, its role in the transition from closed forest to parkland environments. Indeed, the TSME/RHAL-VAME and
(especially) TSME/PHEM-VADE Associations often occur within the upper several hundred feet of closed forest as
well as in tree islands within parklands. Thus, species from both types of environments are present. Mature stands
are generally dominated by large, long-lived mountain hemlock and, within its elevation range, Pacific silver fir. The
understory of mature stands is usually dominated by mountain hemlock and Pacific silver fir with lesser amounts of
western hemlock (low elevations), subalpine fir and Engelmann spruce. The composition of seral stands vary by
association and stand history but usually includes mountain hemlock, Pacific silver fir, whitebark pine, Alaska yellow
cedar, western hemlock, Engelmann spruce or subalpine fir. Upper elevation stands (TSME/PHEM-VADE and
TSME/RHAL-VAME Associations) are typically dominated only by mountain hemlock and seral tree species are
limited to Engelmann spruce, Alaska yellow cedar, whitebark pine and subalpine fir. Subalpine larch appears to be
absent in strong maritime environments but may be present in stands in more continental climates. Western
redcedar and western hemlock are seral trees in the lower elevation associations (TSME/MEFE-VAAL and
TSME/OPHO) as scattered large individuals in mature stands. The TSME Series is usually too high in elevation to
support ponderosa pine, grand fir, Douglas-fir, western white pine and western larch.

Shrubs form a rich layer in the undergrowth and the composition and abundance varies by stand history and plant
association. The primary association indicators are devil's club, rusty menziesia, Cascade azalea, Alaska
huckleberry, Cascade huckleberry, big huckleberry and red mountain-heath. Oval-leaf huckleberry was not present
on any of the sample plots but can be used as an ecological equivalent of Alaska huckleberry when keying the
TSME/MEFE-VAAL Association. Other common medium and tall shrubs include Sitka alder, Hudsonbay currant,
salmonberry, and Sitka mountain ash. Low shrubs include dwarf and five-leaved bramble.

The herb composition is also rich and varied and include deerfoot vanillaleaf, lady-fern, oak-fern, queencup beadlily,

sidebells pyrola, arrowleaf groundsel, starry solomonplume, claspleaf twisted-stalk, coolwort foamflower and Sitka
valerian.

Physical Setting

Elevation

Elevations for the TSME Series span a moderately broad elevation range, though the 80 percent of sites are
between 3500 to 5500 feet. The 1000-foot elevation difference between the Okanogan and Wenatchee NFs is

caused by a rain shadow effect in the Okanogan Cascades created by high mountains such as Bacon, Picket,
Colonial and Pilchuck Peaks to the west (Henderson, personal communication). Therefore, the TSHE Series occurs
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at higher elevations on the Okanogan NF to compensate for the lower precipitation associated with the Okanogan
NF.

Elevation (feet)
Forest Min Max Ave N
OKA 5075 5980' 5398’ 6
WEN 3100 5890' 4326' 19
Series 3100 5980' 4583' | 25

Additional insight is gained by looking at the individual associations. TSME/PHEM-VADE and TSME/RHAL-VAME
are high-elevation associations generally found well above 4500 feet. TSME/PHEM-VADE is often found above
continuous forest in parklands, occupying areas covered by snowfields until late summer. The TSME/RHAL-VAME
Association also tends to be high elevation but usually occurs in zones of closed forest that are transitional to
continental climates. It also occurs in tree islands in parklands. The remaining two associations (TSME/OPHO and
TSME/MEFE-VAAL) are found at lower elevations, often following cold air drainage to unusually low elevations for
the TSME Series.

Plant Elevation (feet)
Association Min Max Ave N
TSME/PHEM-VADE | 4130° 5980" 5344' | 5
TSME/RHAL-VAME 4140' 5775 5085' | 11
TSME/OPHO-VAAL 3125' 4150'° 3584' | 4
TSME/MEFE-VAAL 3100 4200° 3518 | 5
Series Total 3100 5980 4583' | 25

Valley Geomorphology

Plot locations in the TSME Series were found in a wide variety of valley width and gradient classes. Plots appear to
occur in two clusters. The most common landform is moderate to very narrow valleys with moderate to very steep
valley gradient. The other landform is moderate to broad valleys with moderate to low valley gradient, which is
unusual, and more likely located in high elevation cirque basins, lower elevation subalpine sites along narrow
streams or on the edge of wetland systems. Still, no patterns are clear for the TSME Series as a whole and data is
limited.

Valley Gradient
Valley Very Very | Series
Width Low Low Mod. Steep Steep| Total
Very Broad 0 0 0 0 0 0
Broad 1 2 1 0 1 )
Moderate 0 0 2 0 2 4
Narrow 0 1 0 1 3 5
Very Narrow 0 1 1 0 4 6
Series Total 1 4 4 1 10 20

Looking at individual associations is not very helpful. TSME/OPHO is the one exception, as it appears to be
restricted to narrow riparian valleys as much as plant associations in other series that use devil's club to indicate the
characteristic ground cover. TSME/PHEM-VADE appears to be largely associated with very narrow valleys,
however, this may be largely an artifact of small sample size and plot distribution. This association has been
observed on many sites, including the margins of riparian and wetland zones. Unfortunately there is no valley,
Rosgen, fluvial surface or soils data available for the TSME/MEFE-VAAL Association (data was borrowed totally
from Lillybridge et al. 1995).
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Valley Width

Plant Very Very

Association Broad Broad Mod. Narrow Narrow | N
TSME/OPHO-VAAL 0 0 0 2 2 4
TSME/PHEM-VADE 0 1 2 1 1 5
TSME/RHAL-VAME 0 4 2 2 3 11
Series Total 0 5 4 5 6 20

Valley Gradient

Plant Very Very

Association Low Low Mod. Steep Steep | N
TSME/OPHO-VAAL 0 1 1 1 1 4
TSME/PHEM-VADE 1 0 0 0 4 5
TSME/RHAL-VAME 0 3 3 0 5 11
Series Total 1 4 4 1 10 20

Rosgen Channel Types

TSME Series plots were located along a variety of Rosgen channel types. A and B Rosgen channel types are the
prevalent channel types as many sites lie within moderate to very steep gradient valleys. The Rosgen C and E
channels and the pond are found in low and very low gradient valleys, usually in cirque basins or large, moderate
elevation valleys.

= 20)

No. of Plots (N

Rosgen Channel Types

The data for individual associations supports these observations as most stands are located along A and B channel
types. However, the TSME/PHEM-VADE and TSME/RHAL-VAME Associations are probably more common around
lakes than shown (personal observations).

Plant Rosgen Channel Types

Association A B C E Lake|N
TSME/OPHO 3 1 0 0 0 4
TSME/PHEM-VADE | 3 0 1 1 0 5
TSME/RHAL-VAME 2 6 1 1 1 |11
Series Total 8 7 2 2 1 ]20

Fluvial Surfaces
Plots in the TSME Series were predominantly located in riparian zones, with most plots (about 80 percent) on

streambanks, terraces and toeslopes. The rest of the plots were associated with wetlands, wet high-elevation cirque
basins or avalanche chutes. For the most part, the TSME Series requires sites with better drainage so that very wet
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and/or active fluvial surfaces do not support the TSME Series. Some TSME/OPHO sites are moderately wet and
poorly drained, at least early in the growing season.
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Fluvial Surfaces

The individual plant associations are similar to the TSME Series as a whole. Almost all plots in the TSME/OPHO
and TSME/RHAL-VAME Associations are located in the riparian zone. TSME/PHEM-VADE is equally distributed
between riparian zones and the dry margins of wetlands, although one plot was in an avalanche chute.

Fluvial Surfaces

Plant Stream- Toe- Lake Shrub  Avalanch
Association bank  Terrace Slope Wetland Wetland  Chute N
TSME/OPHO-VAAL 1 2 1 0 0 0 4
TSME/PHEM-VADE 0 2 0 0 2 1 5
TSME/RHAL-VAME 2 7 1 1 0 0 11
Series Total 3 11 2 1 2 1 20
Soils

The TSME Series is dominated by mineral soils with loam textures. Very few plots were located on sand (indicates
recent alluvial deposition) or organic loam (indicates wetland soils).
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Soil Texture

Little additional insight is gained by looking at individual associations, as all are strongly associated with loam soils.
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Soil Texture
Plant Loamy Org
Association Sand Sand Loam Loam| N
TSME/OPHO-VAAL 0 1 3 0 4
TSME/PHEM-VADE 0 0 4 1 5
TSME/RHAL-VAME 1 1 9 0 11
Series 1 2 16 1 20

Water tables were not measurable on most sites (no table is shown). The TSME/OPHO Association presumably
has the highest water table since it is wettest of the TSME Plant Associations. There also doesn’t appear to be
appreciable differences in soil temperature between the associations. Of the three shown, the TSME/OPHO
Association reasonably represents the warmest soils due to its lower elevations compared to the TSME/PHEM-
VADE and TSME/RHAL-VAME Associations.

Plant Soil Temperature (F)
Association Min Max Ave N
TSME/OPHO-VAAL 46 54 49 4
TSME/PHEM-VADE 43 53 47 5
TSME/RHAL-VAME 42 54 47 10
Series 42 54 47 19

Ecosystem Management
Natural Regeneration of Mountain Hemlock

Mountain hemlock reproduces from seed and vegetatively (Means 1990). Seed production begins at about 20 years
of age. Mature trees produce moderate to very heavy crops of cones at about three-year intervals, but crops may be
complete failures in other years. The winged seed is dispersed by the wind and may travel long distances across the
show. Seed germination occurs on mineral or organic soils if sufficient moisture is available. Seedlings are drought
intolerant and grow best in partial shade. Initial growth is very slow and small saplings are often 50 to 100 years of
age under dense canopies but release well with removal of overstory competition.

Mountain hemlock also reproduces vegetatively by layering (Means 1990). This is an effective way of reproducing at
timberline as layered saplings are sheltered by the parent tree and initially receive their nutrients through the
established root system of the parent tree.

Artificial Establishment of Mountain Hemlock